Ordered association of tobacco mosaic virus in the presence of divalent metal ions.
The formation of ordered aggregates of tobacco mosaic virus (TMV) in the presence of divalent metal ions has been studied in concentrated (1-25 mg/ml) solutions of the virus. The divalent metal cations Cd2+, Zn2+, Pb2+, Cu2+, and Ni2+ have been found to promote TMV precipitation from solution at a critical concentration Ccrit, which for a given metal depends on the pH and the ionic strength of the solution, but is largely independent of the virus concentration. The TMV precipitate behaves as a nematic liquid crystal and on drying at a glass surface produces highly ordered, optically birefringent films. However, precipitation is not observed with alkali-earth metals such as Ca2+ and Mg2+. The experimental data suggest that, apart from two 'internal' metal-binding sites in each TMV subunit, the virus contains metal-binding sites of a lower affinity which promote cross-linking of TMV rods via metal bridges. The latter seem to be responsible for the precipitation of TMV in the presence of divalent cations at neutral pH. We propose that the metal-induced cross-linking may be the predominant mechanism to account for the limited solubility of a variety of proteins in solution containing metal cations with valence 2 and higher.